HE prevalence of asymptomatic unruptured aneurysms in the general population is unclear. A widely cited prevalence figure is 5%. 15, 19, 26, 40, 49, 50 According to reports filed after autopsy procedures, the prevalence for all cerebral aneurysms ranges from a low of 0.2% to as high as 9%, 16, 22, 34, 41, 43, 48, 50, 51, 54 with a prevalence of 0.6 to 4.2% for unruptured aneurysms alone. 8, 9, 13, 21, 22, 42, 51 The variation in the prevalence rate, as determined by autopsy, may be related to the pathologists' interest and attention to cerebrovascular dissection during autopsy or to the definition of what constitutes an aneurysm of a cerebral vessel in the postmortem state. 51 Moreover, autopsy prevalence rates are by definition "postmortem" and may, therefore, be less relevant to the clinical situation. Furthermore, the aged population reviewed in most autopsy studies may significantly skew the prevalence rate, increasing the frequency, when compared with those found at the average age of patients during aneurysm rupture (50 years of age).
manent-page, notebook log containing the patient's name and vital statistics. We reviewed this log to identify all patients who underwent cerebral angiography sometime between April 1969 and January 1980 (inclusive). During the majority of this time, the capability to perform CT scanning did not exist and, thus, angiography was more universally used and less selectively applied.
We reviewed typed reports describing cerebral angiograms obtained in these patients as well as their hospital charts. Data abstracted from the radiology reports and hospital charts included the following: patient's name, age and sex; the reason cerebral angiography had been requested; history of arteriograms; abnormalities on physical examination; cerebral vessels opacified during angiography; angiographic views (for example, oblique, submental-vertex); and the results of cerebral angiography as they related to the presence or absence of vascular abnormalities (aneurysms, infundibulums, or AVMs). If an aneurysm was noted, we also recorded its location and size. Any patient with a history of aneurysmal SAH, symptomatic aneurysm, or AVM was excluded. Hospital charts were consulted to confirm clinical details.
Statistical Analysis
The data were compiled manually and entered into a database for tabulation and statistical evaluation.
Results

Original Population of Patients
We identified 4568 radiographic reports of cerebral angiography studies that had been performed between April 1969 and January 1980. Of the patients in whom angiography was performed, however, only 3684 patients were appropriate for evaluation. Exclusion of 884 patients occurred for the following reasons: history of SAH (253 patients); symptomatic aneurysms (27 patients); repeated angiographic sessions (301 patients); angiography restricted to cervical vessels (274 patients); symptomatic AVMs (10 patients); and misregistration (19 patients) .
The number of angiograms obtained each year is indicated by Fig. 1 . In 1976, CT scanning was introduced, which may account for the decrease in cerebral angiograms that were subsequently obtained.
The clinical indication for cerebral angiography is listed in Table 1 . Vascular disease, trauma, tumor, and abnormal findings during neurological examination contributed more than half of the indications for cerebral angiography in these patients. Table 2 indicates the vessels studied. Bilateral CA angiograms were obtained in 73% of the patients and angiograms of both the anterior and posterior circulations were obtained in 53% of patients. Anteroposterior and lateral views were obtained in 99% of the patients, whereas additional views were obtained in only 62%. Table 3 indicates the ages and sexes of the initial population. The mean age of patients was 47 years (median age 55 years) and women constituted 43% of the initial population.
Patients With Unruptured Aneurysms
Of the 3684 patients studied, 24 were found to harbor asymptomatic unruptured aneurysms, providing a prevalence rate of 0.65%. The mean age of patients with asymptomatic unruptured aneurysms was 60 years (median age 59 years) and 67% of the patients were female (Table 3) . Table 3 shows a comparison of the ages and sexes of patients included in the original population (3684 patients), those with asymptomatic unruptured aneurysms (24 patients), and those with aneurysmal SAH (253 patients). Also included in Table 3 are similar data drawn from a large population of 4826 patients with aneurysmal SAH, which was formulated on the basis of a compilation of 15 studies, as outlined in Stehbens ( Figure 2 illustrates the location of the 24 asymptomatic unruptured aneurysms identified by angiography. Twentytwo of the 24 aneurysms were located in the anterior circulation. Thirteen aneurysms were found on the left side and 11 on the right. Along the ICA, five aneurysms were identified arising from the intracavernous portion, three from the OphA, four from the PCoA, one from the AChA, and three from the bifurcation of the ICA into the ACA and MCA. Four aneurysms were found along branches of the ACA: one on the proximal ACA, two at the ACoA, and one on the PerA. Two aneurysms were found on the MCA at the bifurcation or trifurcation. One aneurysm was located at the BA bifurcation and another at the PICA. In addition, six infundibular abnormalities arising from the PCoA were noted in five patients.
The distribution of incidental aneurysms by date of discovery did not appear to have a discernible pattern. We The sizes of the unruptured aneurysms are shown in Table 4. Among aneurysms measuring more than 10 mm, one was 1.5 cm and a second was 2.5 cm. Approximately 80% of the aneurysms were smaller than 10 mm at their greatest diameter.
The distribution of asymptomatic aneurysms at the time of discovery according to the age of the patients is listed in Table 5 . The frequency of occurrence of asymptomatic unruptured aneurysms appears similar (0.6-1.1%) in each age group except in the oldest patients (75-84 years) in whom frequency appears to increase to 1.5%. Nevertheless, statistical evaluation failed to reveal a significant difference between the oldest group and the other age groups individually or all groups combined.
Two patients were discovered to harbor asymptomatic AVMs, suggesting a prevalence of 0.05% for these lesions. In neither of these patients was an associated aneurysm identified. Table 6 summarizes the clinical and radiological data for all 24 patients who harbored asymptomatic unruptured aneurysms.
Discussion
In the present study, we retrospectively reviewed all cerebral arteriograms obtained in patients at the University of Virginia between April 1969 and January 1980 (inclusive) to define the prevalence of asymptomatic unruptured aneurysms. Among the 3684 cases in which cerebral arteriography was performed, we identified 24 patients with asymptomatic unruptured aneurysms, providing a prevalence rate of 0.65%. Although no statistical inference can be made because of the small number of cases, the characteristics of the 24 patients found to harbor these aneurysms are similar to those reviewed in autopsy series with regard to age, sex, and aneurysm size. 21, 22, 34, 51 In particular, more than three fourths of the aneurysms were smaller than 10 mm in diameter. No cases of multiple aneurysms were found in this study, however, and fewer aneurysms than expected were found along the MCAs.
In a comparison of patients harboring asymptomatic unruptured aneurysms and those with ruptured aneurysms the average age of the former (60 years of age) is older than the average age of patients suffering from aneurysmal SAH (50 years). 30, 34 Other factors, such as patient sex and aneurysm size and location are similar to those in patients in other studies of unruptured aneurysms. 5, 29, 32, 36, 51 Before extrapolation of these data to the population at large, one must recognize that several potential sources of bias attend this study and, consequently, caution must be exercised in the interpretation of the data. Our methods for analyzing cases in which arteriography was performed may have introduced an error, because we did not review the actual arteriograms, but instead only reviewed written reports, because the number of cases to be analyzed was so large. In addition, the neuroradiologists who interpreted the arteriograms may have overlooked aneurysms. Studies designed to test the sensitivity (false-negative results) and specificity (false-positive results) of angiography in the detection of cerebral aneurysms are few in number, but their findings suggest an approximate 89% detection rate. 37 The results of a recent study in which catheter angiography was compared with CT angiography confirmed that angiography and its subsequent interpretation has a high sensitivity rate. 14, 56 Moreover, the sensitivity of angiography in relation to size of aneurysms has not been defined, although we may intuit that smaller aneurysms are more likely to be undiagnosed than larger ones. 10 In support of the possible underdiagnosis of cerebral aneurysms in this study is the low percentage of aneurysms arising from the MCA, which is the most frequent location of aneurysms found at autopsy. 36, 51 Aneurysms at this location are thought to be the most difficult to identify on angiograms because of overlying vessels.
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Prevalence of asymptomatic incidental aneurysms Another potential factor that may have underrepresented the prevalence of asymptomatic unruptured aneurysms is the lack of complete angiographic workups. In our study only 53% of the patients underwent angiographic sessions in which all four cerebral vessels were examined. Nevertheless, 73% of our patients underwent bilateral CA angiography, and the majority (Ͼ 85%) of aneurysms are located in the anterior circulation. 16, 32, 35 Thus, the paucity of angiographic examinations of the posterior circulation, although limiting the completeness of the evaluation of the cerebrovascular tree, would not contribute to a significant number of missed aneurysms.
45
Another factor contributing to missed aneurysms (or angiograms with false-negative findings) is the limited number of views obtained during angiographic examinations. Anteroposterior and lateral views were obtained in 99% of our patients, but oblique or other special views, which are commonly used in patients presenting with aneurysmal SAH, were only used in 62%. Undeniably, the lack of multiple views contributed to missed aneurysms.
Our original population of 3684 patients may not be reflective of the general population. 55 For example, the mean age of the population in the United States from 1971 to 1980 was 30 years of age. 55 In our original cohort, in contrast, the mean age was 47 years and the median was 55 years. The older age of our study population reflects the infrequent indications for angiography in pediatric age groups during the era studied. The greater age of our original population would tend to increase the likelihood of discovering an unruptured aneurysm.
Male patients were overrepresented (57%) in our original population compared with a slight female predominance in the general population in the United States. The predominance of male patients resulted from the use of angiography in the evaluation of head trauma during the pre-CT scanning era. Head trauma occurs more frequently in males 17, 24 and trauma was the second most frequent (14% of cases) indication for which cerebral angiograms were obtained. The overrepresentation of males in our original population would tend to decrease the likelihood of occurrence of aneurysms because it is well recognized that women predominate in ruptured aneurysm series. 5, 32, 50, 51, 58 Our observed prevalence rate of 0.65% is probably a minimal rate if we consider missed aneurysms and overrepresentation of male patients in the original population. Both of these factors would skew downward the rate of aneurysms. In contrast, the older age of our original population would increase the likelihood that asymptomatic unruptured aneurysms are present. It is difficult to judge the extent to which these factors could offset each other and contribute to altering our observed prevalence rate. Perhaps the most significant source of error would be aneurysms that were missed because of incomplete angiography, lack of multiple views, and interpretive errors made by the neuroradiologists. Taking all these potential errors into account, however, it is unlikely that these factors would increase the prevalence rate by more than a factor of two. If we double our prevalence rate, the range would extend from a minimum of 0.65% to a maximum of 1.3%. Such a range is at or below the prevalence rate determined from autopsy studies 16, 21, 22, 34 and is below the rate commonly cited for the prevalence of aneurysms in the neurosurgical literature. 15, 26, 39, 40 
Implications for the Natural History of Asymptomatic Unruptured Aneurysms
Using a prevalence rate ranging from 0.65 to 1.3% for asymptomatic unruptured aneurysms, one can calculate the number of patients in North America who harbor asymptomatic unruptured aneurysms. To do so, one would multiply the population of North America (250 million persons during the time period of 1970-1980) by the prevalence rate (0.0065-0.0130). This calculation would yield 1.625 to 3.25 million people in North America who harbored an unruptured aneurysm during the time period. During the same time period, approximately 28,000 aneurysmal SAHs occurred on a yearly basis. 31, 38 Because the yearly rupture rate can be derived by dividing the number of aneurysmal SAHs that occur in a given year (28, 000) by the population at risk (1.625-3.25 million), the yearly rupture rate would range from 1.7 to 0.9% per year, or approximately 1 to 2% per year. This yearly rupture rate of at least 1% per year is comparable to earlier 61 and more recent 28, 52, 53 estimates, including that given for Group 2 patients (those with a history of SAH from a different aneurysm) in the ISUIA. 23 In contrast, if one selects the rupture rate of 0.05% per year, as defined in the ISUIA for aneurysms smaller than 1 cm-recognizing that the critical size an aneurysm should reach for rupture to occur is unclear 31, 46 and assuming, as indicated in Table 5 , that 80% of the 28,000 (or 22,500) aneurysmal SAHs that occur each year are from aneurysms smaller than 1 cm-one can calculate the prevalence of unruptured aneurysms as follows: 22,500/0.0005. This yields nearly 45 million individuals in North American who harbor an asymptomatic unruptured aneurysm and half of these (Table 5 ), or 22.5 million, harbor an aneurysm at least 5 mm at its largest dimension, the critical size for detection by MR angiography. 20 Forty-five million represents approximately 18% of the population in the United States and Canada (1970) (1971) (1972) (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) , which clearly does not comport with our angiographic findings. Moreover, such a high prevalence figure is not in keeping with the discovery rate of unruptured aneurysms as determined by CT scanning, CT angiography, MR imaging, or MR angiography. 47, 57 Possible explanations for the disparity between this rate and the ISUIA data may be related to a selection bias in the ISUIA, a point noted by others 1, 2, 4, 11, 15 and strongly discounted by the ISUIA organizers. 39, 59, 60 Alternatively, cerebral aneurysms may have a very short halflife from the inception to rupture and, consequently, may not be captured during the brief moment of angiography. Such a suggestion, however, would be at variance with many clinical observations that have documented the long-time presence of intact aneurysms (indeed, the ISUIA suggests that intact aneurysms are long lived) and the known vascular biology of aneurysms, both cerebral and those located elsewhere in the body. 23, 27, 28, 51 Further support of our hypothesis is provided by the fact that multiple studies have demonstrated that more than two thirds of ruptured aneurysms are less than 10 mm in size. 12, 31, 33, 45, 46, 58 
Conclusions
We have described the results a retrospective evaluation of arteriograms obtained in 3684 patients during the pre-CT scanning era. Our goal was to define the occurrence of asymptomatic unruptured aneurysms. Twenty-four patients were noted to harbor asymptomatic unruptured aneurysms,
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Prevalence of asymptomatic incidental aneurysms 47 yielding a minimum prevalence rate of 0.65%. Our original population, which had an overrepresentation of male patients and possible methodological errors associated with angiographic technique and interpretation, may have led to the underdiagnosis of unruptured aneurysms. On the other hand, our original population was older than the population at large and this may have resulted in an increase in the occurrence of aneurysms. The influence of these factors may have doubled the prevalence to as high as 1.3%. Establishment of a prevalence rate by using angiography allows an estimation of the yearly rate of rupture of asymptomatic unruptured aneurysms. We would suggest that this yearly rate of rupture falls within the range of 1 to 2%.
